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1. General methods. 1 H NMR spectra were measured on a JEOL ECS-400 (400 MHz) spectrometer at ambient temperature. Data were recorded as follows: chemical shift in ppm from internal tetramethylsilane on the δ scale, multiplicity (s = singlet; d = doublet; t = triplet; q = quartet; m = multiplet; br = broad), coupling constant (Hz), integration, and assignment. 13 C NMR spectra were measured on JEOL ECS-400 (100 MHz) spectrometer. Chemical shifts were recorded in ppm from the solvent resonance employed as the internal standard (deuterochloroform at 77.1 ppm). 19 F NMR spectra were measured on a JEOL ECS-400 (376 MHz) spectrometer.
Chemical shifts were recorded in ppm from the solvent resonance employed as the internal standard (CF 3 C 6 H 5 at -63.24 ppm). High resolution mass spectral analyses (HRMS) was performed at Chemical Instrument Center, Nagoya University (JEOL JMS-700). Infrared (IR) spectra were recorded on a JASCO FT/IR 460 plus spectrometer. Optical rotations were measured on Rudolph Autopol IV digital polarimeter. High performance liquid chromatography (HPLC) analysis was conducted using Shimadzu LC-10 AD coupled diode array-detector SPD-MA-10A-VP and chiral column of Daicel CHIRALCEL, CHIRALPAK; AD-H, AS-H, OD-3, OD-H, OZ-H, and IA. The products were purified by column chromatography on silica gel (E. Merck Art. 9385; Kanto Chemical Co., Inc. 37560). For thin-layer chromatography (TLC) analysis throughout this work, Merck TLC plates (silica gel 60G F 254 0.25 mm) were used. Visualization was accomplished by UV light (254 nm), anisaldehyde, KMnO 4 , and phosphomolybdic acid. In experiments that required dry solvents such as dichloromethane and 1,2-dichloroethane were distilled in prior to use.
Analytucal data of amines (2g).
2,6-Bis(2,4,6-triisopropylphenyl)pyridine (2g):
Hz, 12H), 1.11 (d, J = 6.9 Hz, 12H), 1.25 (d, J = 6.9 Hz, 12H), 2.58 (septet, J = 6.9 Hz, 4H), 2.90 (septet, J = 6. 136.1, 139.0, 155.7, 162.6, 166.5. M.p. 190-192 °C. IR (KBr) 3288, 1699 , 1634 , 1496 , 1354 , 1256 , 1187 419.1971, found 419.1990 . HPLC analysis; AS-H, n-hexane/i-PrOH = 4/1, 0.6 mL/min, t R = 40.0 min (major, S), 54.8 min (minor, R). 
Conventional synthesis of 11 from azide carbonyl compound 10 (eqn. 4).
3 N-Methylmorpholine (0.24 mL, 2.2 mmol) was slowly added to a stirred solution of N-Benzyloxycarbonyl-L-phenylglycine (0.571 g, 2.0 mmol) in THF (12 mL). After 5 min, isobutyl chloroformate (0.285 mL, 2.2 mmol) was slowly added to the previously cooled reaction mixture at -20 °C and stirring was continued for 20 min at that temperature. The reaction mixture was warmed to 0 °C and a solution of KH 2 PO 4 (0.136 g, 1.0 mmol) in H 2 O (1 mL) was added in one portion, after 5 min followed by a solution of KH 2 PO 4 (1.36 g, 10 mmol) and NaN 3 (0.33 g, 5.0 mmol) in H 2 O (7 mL). After 1 h, 10 mL of saturated NaHCO 3 aqueous solution was poured into the reaction mixture, and the product was extracted with AcOEt (15 mL × 3). The S9 combined extracts were washed with NH 4 Cl aqueous solution (10 mL), brine (10 mL), and dried over MgSO 4 . The organic phase was concentrated under reduced pressure and the crude product was obtained in quantitative yield. Obtained 8 was used in next step without further purification. 1 H NMR (400 MHz, THF-d 4 ) δ 5.07 (s, 2H), 6.34 (br, 1H), 7.10-7.55 (m, 11H), 8.00 (br, 1H). 13 C NMR (100 MHz, DMSO-d 6 ) δ 61. 5, 65.6, 126.5 (2C), 127.7, 127.9 (2C), 128.0, 128.3 (4C), 136.8, 138.9, 155.0, 155.2. IR (KBr) 3270, 2140 , 1702 , 1556 , 1512 , 1234 , 1041 temperature. After 48 h, 10 mL of saturated NaHCO 3 aqueous solution was poured into the reaction mixture, and the product was extracted with AcOEt (15 mL × 3). The combined extracts were washed with brine (10 mL), and dried over MgSO 4 . The organic phase was concentrated under reduced pressure and the crude product was purified by preparative thin-layer chromatography (eluent: hexane/AcOEt = 3/1), to give 7 in 17% yield (5.8 mg) with 29% ee (S). The absolute stereochemistry of 5 was deduced from that of 7.
6. Relationship between enantioselectivity of (R)-1 and that of aminal product 5a.
We examined the relationship between the enantioselectivity of (R)-1 and that of aminal product 5a (Fig. S1 ). (R)-1 is a disulfonic acid, and thus not only monomeric but also oligomeric structures of the catalysts in situ might be possible. However, a nonlinear effect was not observed in this catalysis, and a 1 to 1 monomeric complex of (R)-1 and 2g was strongly suggested.
Fig. S1
Absence of a nonlinear effect between the enantioselectivity of (R)-1 and that of 5a.
7.
1 H NMR analysis of the catalyst (R)-1-2g.
A preliminary 1 H NMR (CDCl 3 ) analysis of the catalysts generated in situ from (R)-1 (1 equiv) and 2g (0-2 equiv) was performed (Fig. S2) . The catalyst was prepared in CH 3 CN according to the general procedure, the volatiles were removed under reduced pressure, and CDCl 3 was added.
%ee of (R)-1 %ee of Et-adduct (S)-5a S10 1 H NMR spectra of (R)-1 and 2g as standard samples are shown in Figs. S2a and S2b, respectively.
A mixture of (R)-1 (1 equiv) and 2g (1 equiv) gave sharp peaks at 6.75-7.80 ppm and a broad peak at 8.45 ppm with upfield shifts compared to the results with (R)-1 or 2g (Fig. S2c) . Moreover, a mixture of (R)-1 (1 equiv) and 2g (2 equiv) gave peaks similar to those for a mixture of (R)-1 (1 equiv) and 2g (1 equiv) (Fig. S2d) . Although these 1 H NMR analyses cannot be considered solid evidence for the structure of the ammonium salt, and further studies on the structure are necessary, a 1:1 complex of (R)-1 and 2g is strongly suggested. Moreover, the absence of a nonlinear effect (Fig. S1 ) between the enantioselectivity of (R)-1 and that of aminal product 5a also supports the assumption of a 1:1 monomeric complex. Ammnonium salts in situ might be in equilibrium, as shown in Fig. S3 . Therefore, the balance of the complexes might be in favor of a 1:1 monomeric complex. 
